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近年，世界中で食の安全への意識が高まり，食品中の重金属含有量に関する基準が定め
られ，その規制が各国で厳格化している．そのため，土壌から農作物への重金属取込みを
抑制する栽培法の開発が急務の課題となっている．重金属に伴う人の健康被害は，土壌か
ら溶出した重金属を吸収した食物を口から摂取することが原因であり，その多くが発展途
上国で生じている．そこで本研究では日本と中国の試験農地において，農作物へのカドミ
ウム等重金属の取込抑制と農作物収穫量に及ぼす修復材の効果を検証し，費用対効果の高
い重金属取込抑制技術の開発を試みた．その結果，特殊な機械や多数の人手を必要としな
い費用対効果の高い方法として，ゼオライト修復材（ZRM）による栽培方法と発酵廃棄物
系バイオマス（FBWA）による栽培法を開発することができた．以下に ZRM と FBWA を
用いた検討結果の概略を示す． 
 
【ゼオライト修復材（ZRM，Zeolite-Restoration Material）による栽培方法】 
ゼオライトは粘土鉱物の一種で，分子篩分（しぶん）能，イオン交換能，吸着能などの
特性を有することから，水質や土壌の修復材として幅広く利用されている． 
福岡県大牟田市のカドミウム汚染米を産出する試験農地（800 m2）では，日本の米 Cd 基
準（0.4 mg kg-1）を超過したブランクの区画 0.54 mg kg-1 に対し，ZRM を散布した区画の米
Cd 含有量は 0.32 ～0.38 mg kg-1 と基準に適合した．また，稲刈り入れ後の同じ土壌で栽培
した小麦では，国際基準値（0.2 mg kg-1）を大きく超えたブランク区画 0.66 mg kg-1 に対し，
ZRM 修復区画は国際基準と同程度まで低下した．この効果は初年度に行った 1 回の散布で
4 年間継続することが分かった． 
中国江蘇省の Cd 汚染米を産出する試験農地（4000 m2，15000 m2）では，中国産ゼオラ
イトを用いて修復試験を行った．その結果，ブランクの区画で産出した米 Cd 含有量は 0.56
～0.67 mg kg-1 で中国の Cd 基準（0.2 mg kg-1）を超過したのに対し，2.5~3% ZRM を散布し
た修復区画は基準値に適合した． 
以上のことから，重金属汚染農地における ZRM 栽培法は，実際の圃場における対策と
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して継続性の高い有効な方法であることが分かった． 
 
【発酵廃棄物系バイオマス（FBWA，Fermented Biomass Waste Amendment）による栽培方法】 
中国産の針葉樹の樹皮と大鋸屑，雪花菜，米糠を主原料とした FBWA を開発し，FBWA
散布による農作物への Cd 取り込み抑制効果と収穫量に及ぼす影響を検討した．ここでは，
中国江蘇省の同じ稲品種を用いた圃場において，FBWA を 0.1%，0.5%及び 1.0%と変化さ
せた修復区画を設置し栽培を試みた． 
その結果，ブランクの区画で収穫された米の Cd 含有量は中国の米 Cd 基準（≦ 0.2 mg 
kg-1）を超過する 0.66 mg kg-1 であったのに対し， 0.5% FBWA と 1.0% FBWA を散布した修
復区画の米中の Cd 含有量は 0.13 – 0.19 mg kg-1 となり，基準値に適合した米を収穫できる
ことが分かった．また，0.5%及び 1.0% FBWA で修復した区画の生産量は，ブランクの区
画と比べて 5～13%まで増収するこが分かった． 
これらの結果より，FBWA は機械を使うことなく人が農地に 0.5%程度散布するだけで農
作物への Cd 取り込みの抑制と，高い生産量をもたらす極めて費用対効果の高い方法であ
ることが分かった． FBWA を用いた修復方法は，現地で入手できる廃棄物系バイオマスを
原料にして，特殊な薬剤や機械を必要とすることなく短時間に製造可能であることから，
東南アジアやインドなどの途上国においても広く活用できるものと期待される．
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【Abstract】                                       
 
Study on Heavy Metal Uptake Restraint to Farm Products 
using the Biomass Waste and Zeolite 
 
Nobuhiko Wada 
 
Recently, awareness of food safety is rising in the world. Criteria for amount of each heavy 
metal in foods were defined. The regulation of these criteria has been tightened internationally. 
Thus, the establishing cultivation method that suppresses heavy metal uptake by agricultural crops 
has been required. The health damages involved heavy metals are caused by ingesting water or 
foods contaminated with them eluted from soil. Many of these damages are reported in developing 
countries. Therefore, I verified the suppression of heavy metals such as Cd uptake into agricultural 
crops and the effects of restorative materials on crop yields in the farmlands of Japan and China 
through the following verifications and experimented the development of a cost-effective 
agricultural method with suppression of heavy metal uptake into crops. As a result, I have successes 
to make the cultivation methods with the zeolite-restoration material (ZRM) and the fermented 
biomass waste amendment (FBWA) as cost-effectiveness cultivation ones without special machines 
and labor-intensive. The summaries for validation results using ZRM and FBWA are given below. 
 
【Suppression of cadmium uptake by agricultural crops using zeolite-restoration material 
(ZRM) 】 
Zeolite is a kind of clay mineral and is widely used as environmental remediation material for 
water quality and soil because of its properties such as molecular sieving ability, ion exchange 
capability and adsorption ability. In this study, I prepared a restoration material consisting of natural 
zeolite as the metal-adsorbent, magnesia lime as a regulator of soil pH, and volcanic weathered clay 
to assist in providing a homogeneous mixing medium, for use in a trial field. In the case of farmland 
(800 m2) for rice and wheat in Omuta-city, Fukuoka Prefecture, Japan, the Cd content of rice 
harvested from the soil with ZRM meets the Japanese criterion (0.4 mg kg-1) in range of 0.32 – 0.38 
mg kg–1, whereas 0.54 mg kg-1 which exceeds this criterion without ZRM. Moreover, the Cd 
contents of wheat cultivated at the same place after harvesting rice (0.66 mg kg-1) were much higher 
than the international criterion (0.2 mg kg-1) in the soil without ZRM and the Cd contents of wheat 
with ZRM was the same level as the international criteria. The suppression of Cd uptake was 
maintained for four years without further application of the ZRM. In the farmlands (4000 m2 and 
15000 m2) in Jiangsu Province, China, where the Cd contaminated rice are harvested, the repair trial 
with Chinese Zeolite were carried out. It was found that the Cd contents of rice harvested in the soil  
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with 2.5% – 3% of ZRM met the Chinese criterion (0.2 mg kg-1), while those in the untreated 
Cd-contaminated soils were 0.56 – 0.67 mg and these values were over the criterion. Consequently, 
we found that the cultivation method with ZRM to Cd-contaminated farmland is a valid and feasible 
one as a persistent solution. 
 
【Suppression of cadmium uptake by agricultural crops using a fermented biomass-waste 
amendment (FBWA)】 
The FBWA was made from decomposing the coniferous bark and sawdust, waste sludge of tofu 
and rice bran in China, and examined about a Cd uptake suppressant effect and influence a harvest 
on farm products. In Jiangsu prefecture of China, the experiment with a kind of rice at restoration 
divisions sprayed 0.1%, 0.5% and 1.0 % FBWA was carried out. Consequently the rice harvested 
from farmland composed of untreated soil (blank division) was over 3 times of the Chinese criterion 
for amount of Cd in rice, which should be less equal 0.2 mg kg-1. On the other hand, the Cd 
contents in rice harvested in soils with 0.5% and 1% of FBWA had decreased to 0.13 – 0.19 mg kg-1, 
these values fulfilled the criterion. Moreover, the rice yields with 0.5% and 1.0% FBWA increased 
up to 5~13% compared to those from the blank division. According to these results, I conclude that 
the cultivation using FBWA can be a cost-effective technology to bring restraint of the Cd uptake 
into farm products and to obtain high amount of production only by a spreading FBWA around 
0.5% on farmland without using the special agricultural machine. FBWA can be made from the 
biomass waste which is available easily in each country without a special material and machine. 
Therefore, it is expected that the FBWA cultivation method can widely be used in the developing 
countries such as Southeast Asia or India. 
